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(57) Abstract: An arrangement for tracking the resonant frequency of one or more electrically resonant structures (11,21) through 
a single channel comprises a variable frequency oscillator (13, 23) associated with the or each resonant structure (11,21) which pro- 
vides an excitation signal of a variable frequency encompassing the possible resonant frequency of the associated resonant structure. 
Coupling means (2) are provided which connect the or each variable frequency oscillator (13, 23) to said resonant structure(s). An 
I-mixer (15, 25) is provided for each oscillator (13, 23) which forms a synchronous detector, a first input (15a, 25a) of each I-mixer 
(15, 25) being connected to its associated oscillator (13, 23) and a second input (15b, 25b) being connected to the coupling device (2), 
the or each I-mixer (15, 25) mixing the excitation signal from the associated variable frequency oscillator (13, 23) with a response 
signal generated by the resonant structures) in response to the or each excitation signal. The output of the or each I-mixer (15, 25) is 
filtered to remove the sum products of the excitation and response signals, thereby leaving just an amplitude modulation component 
of the signal, which is then processed in a control loop to track the resonant frequency of the or each resonant structure. 
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Improved Method and Apparatus for tracking a resonant frequency 

The presentinvention relates to improved methods, tracking-resonant frequencies of 
electrically resonant structures, in particular structures which are mounted remotely 
from the driving and sensing electronics. 

International patent application no. WO 98/21818 discloses a system for tracking the 
resonant frequency of an electrically resonant structure in which a variable frequency 
oscillator, which generates an excitation signal of a variable frequency encompassing 
the possible resonant frequency range of the target resonant structure, is connected to 
the resonant structure by a bi-directional RF transmission line. The proportion of the 
excitation signal energy reflected and the proportion dissipated by the resonant 
structure will depend upon the difference between the frequency of the excitation 
signal and the resonant frequency of the resonant structure, and the transmission line 
incorporates a directional coupler, which generates a directional coupler signal 
proportional to the reflected signal from the resonant structure. The directional 
coupler signal is conditioned by a processor to provide a feedback signal to the input 
of the variable frequency oscillator, such that the mean frequency of the excitation 
signal is caused continuously to track the varying resonant frequency of the resonant 
structure. 

This arrangement has particular application in the of non-contact torque measurement 
using SAW (surface acoustic wave) devices as the sensing elements. Many such 
applications, however, use two SAW devices attached to a rotating shaft in such a way 
that when torque is applied one resonator is put in tension whilst the second is put in 
compression. This causes the resonant frequency of the first device to reduce whilst 
the second will increase. The two devices would normally have a nominal difference 
between them of 1 MHz, such that with torque the output from the system is a 
difference frequency that changes about 1 MHz with applied torque. However, in 
order to be used in conjunction with the tracking system of the prior art, the two 
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sensors on the shaft must be electrically connected to the stator of the assembly via 
two pairs of non-contacting rotary coupled transmission lines. The use of two pairs of 
couplers has the disadvantage that the size _and complexity of the mechanical assembly 
is increased, and thereby the cost. In addition, the rotary coupled transmission line can 
load the SAW resonator and thereby modify its frequency. As the system is a 
differential one, if both couples modify their respective sensor response by the same 
amount, then this effect can be cancelled out, but if the two channels are not identical 
then an error in the reading obtained can result 

The arrangement of the prior art has the further disadvantage that the requirement for a 
directional coupler increases the complexity of the arrangement 

According to one aspect of the present invention there is provided a method of 
tracking the resonant frequency of an electrically resonant structure comprising the 
steps of exciting the resonant structure with a reference signal of a variable frequency 
encompassing the possible resonant frequency of the resonant structure, mixing a 
response signal from the resonant structure with the reference signal, filtering the 
mixed response and reference signals to remove the sum products from the composite 
signal, and using the resulting amplitude modulation component of the response signal 
within a control loop to track the resonant frequency of the resonant structure. 

The present invention further provides an apparatus for tracking the resonant 
frequency of an electrically resonant structure, comprising a variable frequency 
oscillator providing an excitation signal of a variable frequency encompassing the 
possible resonant frequency of said resonant structure, coupling means connecting said 
variable frequency oscillator to said resonant structure, an I-mixer for m ing a 
synchronous detector having a first input connected to said oscillator and a second 
input connected to the coupling device, the I-mixer mixing the excitation signal from 
the variable frequency oscillator with a response signal generated by the resonant 
structure in response to the excitation signal, a filter connected to the output of the I- 
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mixer which filters the output of the I-mixer to remove the sum products of excitation 
and response signals, thereby leaving just an amplitude modulation component of the 
signal, and processing means which processes the filtered signal to track the resonant 
frequency of the resonant structure. 

An apparatus for and method of tracking a resonant frequency in accordance with the 
invention has the advantage that it enables multiple resonant structures to be connected 
together and interrogated through a single channel, whilst, at the same time, obviating 
the need for a directional coupler to be used. 

Preferably, the reference signal from the oscillator is mixed, through the coupling 
means, with a second reference signal from a second oscillator of a variable frequency 
encompassing the possible resonant frequency of a second resonant structure, the first 
and second resonant structures having a nominal difference frequency, and said first 
and second resonant structures are excited with said mixed signal. The composite 
response signal of said first and second resonant structures is then mixed with the first 
reference signal, the mixed signal filtered using a filter, preferably a low pass filter, 
and the resulting signal used within a control loop to track the resonant frequency of 
the first resonant structure, and it is also mixed with the second reference signal, by a 
separate mixer, the mixed signal filtered and the resulting signal used within a control 
loop to track the resonant frequency of the second resonant structure. In this way, it is 
possible to track the resonant frequency of a pair of structures connected in parallel 
through a single channel. The coupling of the two signals to the resonant structures is 
preferably achieved by use of a summer connected to the input of the coupling means. 

An impedance such as a resistor is preferably provided between the oscillator and the 
resonant structure, in particular between the oscillator and the coupling means. 
Furthermore, the or each signal source preferably has a low output impedance, which 
has the advantage of suppressing any amplitude modulation of the or each reference 
signal. 
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In a particularly preferred embodiment of the invention, a Q-mixer is provided for the 
or each signal source, to one input of which is connected the signal source through a 
phase shifter which shifts the reference signal received at the first input by preferably 
90 degrees, and to the other input of which is connected the coupling means so as to 
deliver the response signal thereto. The output of the or each Q-mixer is s imil arly 
filtered to remove the sum products of the input signals, thereby leaving just the 
amplitude modulation component of the response signal. The square of that signal is 
then summed with the square of the filtered signal output of the associated I-mixer and 
then processed to track the resonant frequency of the associated resonant structure. In 
this way, errors in the tracked frequency resulting from the phase delay of the signal at 
the input of the coupling device are eliminated. 

The squaring and summing operations may be carried out digitally by use of A/D 
converters and suitable digital processing means, which may also calculate first 
harmonic amplitudes of the demodulated signals produce codes for controlling the 
carrier frequency of the signal sources. Alternatively, analogue signal squaring means 
may be utilised, such as a mixer with its inputs linked. 

It will, of course, be understood that the system may be expanded to tracked the 
resonant frequencies of more than two structures, such as SAW devices. For such 
multiple resonant structures, there is preferably a nominal frequency difference 
between each device of at least 1 MHz. 

In order that the invention may be well understood, there will now be described some 
embodiments thereof, given by way of example, reference being made to the 
accompanying drawings, in which: 

Figure 1 is a simplified schematic representation of a system embodying the invention 
suitable for tracking the resonant frequency of a single structure; 
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Figure 2 is a schematic representation of a system embodying the invention suitable 
for tracking the resonant frequency of two resonant structures; and 

Figure 3 is a schematic representation of a system according to an alternative 
embodiment containing two resonant structures with I and Q synchronous detectors. 

Referring first to Figure 1, there is shown a simplified schematic of a system 
embodying the invention. The output of a signal source 3 is connected directly to one 
input 5a of a mixer 5 and through a resistor 4 to the input of a coupling device 2, 
which, in turn, is connected to a single SAW resonator L The input of the coupling 
device 2 is also connected to a second input 5b of the mixer 5. The coupling device 
preferably takes the form of a rotational contactless coupler, but other coupling 
devices are also possible, and the signal source 3 takes the form of a high frequency 
oscillator with a centre frequency within the bandwidth of the resonator 1 and it is 
frequency modulated again within a deviation that is within the bandwidth of the 
resonator. 

Upon operation of the system, the SAW resonator 1 is excited by the reference signal 
from the signal source 3. The impedance of the SAW resonator 1 will change rapidly 
with frequency around its resonant point and will form a potential divider with the 
resistor 4, so that when the impedance of the resonator 1 is high compared with that of 
the resistor 4, there will be minimal voltage drop across the resistor 4, whereas when 
the impedance of the resonator 1 is low compared with that of the resistor 4, there will 
be a large voltage drop across the resistor 4 and minimal across the resonator 1. In this 
way, the amplitude of the response of the SAW 1 to the reference signal, as seen at the 
second input 5b of the mixer 5 from the coupling device 2, will also vary as the 
frequency of the signal source 3 is modulated. By using a signal source 3 of low 
output impedance, the amplitude modulation of the output of the signal source 3 fed to 
the first input 5a of the mixer will be suppressed As a result, the mixer 5, acting as a 
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synchronous detector, will output through its output line 5c a signal which will be the 
sum of the driving signal from the signal source 3 and the amplitude modulated signal 
response of the resonator L A low pass filter 6 is then used to remove the sum 
products of the signals, leaving just the amplitude modulation component of the signal 
which can then be used within a control loop to track the resonant frequency of the 
SAW device 1 in the manner described in W098/21818. 

In a development of this embodiment not illustrated, a buffer is inserted in front of the 
resistor 4 that further reduces the parasitic amplitude modulation in the reference 
signal. 

Figure 2 shows a schematic representation of how the system of Figure 1 can be used 
to connected together and interrogate two SAW resonators which have a nominal 
difference frequency of, say, lMhz through a single channel which requires just a 
single coupling device. The two SAW devices 11, 21 are arranged in parallel and 
connected to the coupling device 2 which is, in turn, connect to the output of a summer 
20. One input of the summer 20 is connected to one input 15b of a first mixer 15 and 
through a first resistor 14 to a first signal source 13 which generates a first reference 
signal, the first signal source also being coupled directly to the other input 15a of the 
first mixer 15. The other input of the summer 20 is connected to one input 25b of a 
second mixer 25 and through a second resistor 24 to a second signal source 23 which 
generates a second reference signal, the second signal source also being coupled 
directly to the other input 25a of the second mixer 25. Each of the signal sources 13, 
23 takes the form of a high frequency oscillator with a centre frequency within the 
bandwidth of its associated resonator 11, 21 and it is frequency modulated again 
within a deviation that is within the bandwidth of its associated resonator 1 1, 21. The 
coupling device 2 again preferably takes the form of a rotational contactless coupler, 
but other coupling devices are also possible. 
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Each half of the system then operates in the same manner as described above in 
relation to Figure 1, with the reference signal from the first signal source 13 exciting 
-the first SAW 11 and the reference signal from the second signal source 23 exciting 
the second SAW 21. The amplitude modulated response signals from the two SAWs 
11, 21 will then be fed back through the coupling device 2 and the combined signals 
fed to the inputs 15b, 25b of both the first and the second mixer 15, 25 by the summer 
20. At the first mixer 15, the combined response signal is mixed with the reference 
signal from the first signal source 13 and the sum products are then removed by the 
first low pass filter 16 connected to the output 15c of the first mixer 15. Furthermore, 
because of the nominal difference frequency between the two SAWs and because the 
amplitude modulation caused by each SAW device 11, 21 will be at the same 
fundamental and harmonic frequencies, the output of the first low pass filter 16 can 
easily be processed electronically in a manner well known to the skilled person to 
separate out the amplitude modulated component of the response from the first SAW 
1 1 . This can then be used within a control loop to the first signal source 13 to track the 
resonant frequency of the first SAW 1 1. 

Similarly, at the second mixer 25, the combined response signal is mixed with the 
reference signal from the second signal source 23 and the sum products are then 
removed by a second low pass filter 26 connected to the output 25c of the second 
mixer 25. The output of the second low pass filter 26 can then be processed 
electronically to separate out the amplitude modulated component of the response 
from the second SAW 21 due to the nominal frequency difference between the first 
and second SAWS 11, 21. This can then be used within a control loop to the second 
signal source 23 to track the resonant frequency of the second SAW 21. 

For example, if the SAW devices 11, 21 have nominal frequencies of 200MHz and 
201 MHz, giving a nominal difference frequency of 1 MHz and the amplitude 
modulation caused by each SAW device is at 5kHz with the 2 nd harmonics at 10kHz, 
these will be excited by the reference signals produced by the two signal sources 13, 
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23 having frequencies of 200MHz FM and 201 MHz FM respectively. When the 
200Mhz FM signal is mixed with the composite 200 and 201 MHz FM response signal 
with amplitude modulation from the SAWs 11, 21, the difference product will be the 
5kHz signal generated by the modulation due to the excitation of the 200MHz SAW, 
the modulation caused by the 201 MHz device being offset by 1MHz and therefore 
easily filtered out Similarly, when the 201 MHz FM signal is mixed with the 
composite response signal, the modulation caused by the 200 MHz SAW can also 
easily be filtered out. 

A drawback with the embodiments described above in relation to Figures 1 and 2 is 
that the actual frequencies that will be tracked using the demodulated signal produced 
by the synchronous detector will slightly differ from the resonant frequency of the 
SAW device and the amount of this difference will depend on the phase delay of the 
signal at the input of the coupling device. In some cases it may be difficult to ensure a 
high stability of the phase delay, which will result in random errors in the 
measurement of the resonant frequency. Figure 3 shows a third embodiment of the 
invention in which phase delay effects are eliminated by mixing the reference and 
response signals for each signal source in an IQ mixer and producing the demodulated 
signal as a sum of the squares of the signals at I (in-phase) and Q (Quadrature) outputs 
of the IQ mixers 30, 40. This is achieved by supplementing the system of figure 2 
with an additional pair of Q-mixers 32, 42, one associated with each signal source 13, 
23. 

One input of the first Q-mixer 32 associated with the first signal source 13 is 
connected to the first signal source 13 through a 90 degree phase shifter 31 so as to 
receive a phase shifted version of the reference signal from the first signal source 13. 
The other input of the first Q-mixer 32 is connected to the summer 20 so as to receive 
the response signals from the two SAW devices 11, 21. The output of the first Q- 
mixer 32 is then filtered using a low pass filter 33 before being squared and then 
summed with the filtered and squared output of the first mixer 15, which is based in 
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the in-phase reference signal. The sum of the squares of these two signals will not, 
then, depend on the phase delay of the input signal. 

The squaring and summing of the signals may be achieved by analogue means using 
looped mixers 34, 35 and a summer as shown in Figure 3. Alternatively, me output of 
the low pass filters 16, 33 can be converted into digital signals using A/D converters 
and the squaring and adding of the signals performed by a digital processor. Apart 
from performing the squaring and adding functions, the digital processor will also 
calculate the first harmonic amplitudes of the demodulated signals and produce the 
codes that will control the carrier frequencies of the digital synthesisers used as the 
signal sources. 

It will, of course, be understood that a second Q-mixer 42, phase shifter 41 and low 
pass filter 43 will be associated with the second signal source 23 . 
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Claims 

1. A mejfoo^ resonant 

structure comprising the steps of exciting the resonant structure with a reference signal 
of a variable frequency encompassing the possible resonant frequency of the resonant 
structure, mixing a response signal from the resonant structure with the reference 
signal, filtering the mixed response and reference signals to remove the sum products 
from the composite signal, and using the resulting amplitude modulation component of 
the response signal within a control loop to track the resonant frequency of the 
resonant structure. 

2. A method according to claim 1, comprising the further step of summing the 
reference signal from said oscillator with a second reference signal of a variable 
frequency encompassing the possible resonant frequency of a second resonant 
structure, the first and second resonant structures having a nominal difference 
frequency, exciting said first and second resonant structures with said mixed signal, 
mixing the composite response signal of said first and second resonant structures with 
the first reference signal, filtering the mixed signal and using the resulting signal 
within a control loop to track the resonant frequency of the first resonant structure, and 
mixing the composite response signal of said first and second structures with said 
second reference signal, filtering the mixed signal and using the resulting signal within 
a control loop to track the resonant frequency of the second resonant structure. 

3. A method according to claim 1 or claim 2, wherein the or each mixed response 
and reference signals are filtered using a low pass filter. 

4. A method according to any of the preceding claims, comprising the further step 
of suppressing the amplitude modulation of the or each reference signal by using a 
signal source of low output impedance. 



WO 03/090353 



PCT/GB03/01627 



11 

5. A method according to any of the preceding claims, wherein the or each 
reference signal passes through an impedance before exciting the or each resonant 
structure. 

6. A method according to any of the preceding claims, comprising the further step, 
for the or each reference signal, of mixing the response signal with a phase shifted 
version of the or each reference signal, filtering said mixed signal, squaring the filtered 
in-phase and phase shifted mixed response and reference signals, summing the 
associated squared signals and using the result within a control loop to provide a phase 
compensated track of the resonant frequency of the associated resonant structure. 

7. A method according to claim 6, wherein the reference signal is phase shifted 
through 90 degrees. 

8. An apparatus for tracking the resonant frequency of an electrically resonant 
structure, comprising a variable frequency oscillator providing an excitation signal of a 
variable frequency encompassing the possible resonant frequency of said resonant 
structure, coupling means connecting said variable frequency oscillator to said 
resonant structure, an I-mixer forming a synchronous detector having a first input 
connected to said oscillator and a second input connected to the coupling device, the I- 
mixer mixing the excitation signal from tibe variable frequency oscillator with a 
response signal generated by the resonant structure in response to the excitation signal, 
a filter connected to the output of the I-mixer which filters the output of the I-mixer to 
remove the sum products of excitation and response signals, thereby leaving just an 
amplitude modulation component of the signal, and processing means which processes 
the filtered signal to track the resonant frequency of the resonant structure. 

9. An apparatus according to claim 8 for tracking the resonant frequencies of a 
pair of electrically resonant structures having a nominal difference frequency, further 
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comprising a second variable frequency oscillator connected to the coupling means, 
said first variable frequency oscillator providing an excitation signal of a variable 
frequency encompassing the possible resonant frequency of the first resonant structure 
and said second variable frequency oscillator providing an excitation signal of a 
variable frequency encompassing the possible resonant frequency of the second 
resonant structure, a second I-mixer forming a synchronous detector associated with 
the second oscillator having its first input connected to the second oscillator and its 
second input connected to the coupling device so as to mix the excitation signal from 
the second oscillator with a composite response signal received from said first and 
second resonant structures, and a second filter connected to the output of the second I- 
mixer which filters the output signal. 

10. An apparatus according to claim 9, wherein said first and second resonant 
structure are connected in parallel. 

11. An apparatus according to claim 9 or claim 10, further including a summer 
having first and second inputs connected to the first and second oscillators 
respectively, and an output connected to the coupling means. 

12. An apparatus according to any of claims 8 to 11, wherein the or each filter is a 
low pass filter. 

13. An apparatus according to any of claims 8 to 12, further comprising an 
impedance connected between the or each oscillator and the coupling device, the first 
input of the or each I-mixer being connected between its associated oscillator and its 
impedance and the second input of the or each I-mixer being connected between the 
associated impedance and the coupling device. 

14. An apparatus according to any of cl aims 8 to 13, further including a Q-mixer 
associated with the or each oscillator having a first input connected to its associated 
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oscillator by means of phase shifting means and a second input connected to the 
coupling means such that the or each Q-mixer mixes a phase shifted version of the 
excitation signal from its associated oscillator with the response signal, a filter 
connected to the output of the or each Q-mixer which removes the sum products of the 
phase shifted excitation and response signals, so as to leave just an amplitude 
modulation component of the signal, and further including means associated with the 
or each oscillator for squaring and then summing the filtered signals from the I- and Q- 
mixers associated with the or each oscillator, said processing means processing the 
sum of the squares of the filtered signals from said I- and Q- mixers, whereby phase 
delay effects are eliminated 

15. An apparatus according to claim 14, wherein the or each phase shifting means 
phase shifts the signal by 90 degrees. 

16. An apparatus according to claim 14 or claim 15, wherein said means for 
squaring and s umming said signals comprises first analogue signal squaring means 
connected to the filtered output of the or each I-mixer, a second analogue squaring 
means connected to the filtered output of the or each Q-mixer, and a summer 
associated with the or each pair of I and Q mixer having a first and second inputs 
connected to the outputs of the associated first and second squaring means. 

17. An apparatus according to claim 16, wherein the said analogue signal squaring 
means each comprise a mixer having first and second inputs connected together to the 
output of its associated filter. 

18. An apparatus according to claim 14 or claim 15, wherein said means for 
squaring and summing the signals comprises a digital processor, the output of each 
filter being connected to an analogue to digital converter which is, in turn, connected 
to an input of the digital processor. 
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19. An apparatus according to claim 18, wherein the or each digital processor also 
calculates first harmonic amplitudes of the demodulated signals and produces codes 
for controlling the carrier frequency of the signal source. 

20. An apparatus according to any of claims 8 to 19, wherein the coupling means is 
a rotational contactless coupler. 
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(57) Abstract: An arrangement for tracking the resonant frequency of one or more electrically resonant structures (11,21) through 
a single channel comprises a variable frequency oscillator (13, 23) associated with the or each resonant structure (11, 21) which pro- 
vides an excitation signal of a variable frequency encompassing the possible resonant frequency of the associated resonant structure. 
Coupling means (2) are provided which connect the or each variable frequency oscillator (13, 23) to said resonant structure(s). An 
I-mixer (15, 25) is provided for each oscillator (13, 23) which forms a synchronous detector, a first input (15a, 25a) of each I-mixer 
(15, 25) being connected to its associated oscillator (13, 23) and a second input (15b, 25b) being connected to the coupling device (2), 
the or each I-mixer (15, 25) mixing the excitation signal from the associated variable frequency oscillator (13, 23) with a response 
signal generated by the resonant structure^) in response to the or each excitation signal. The output of the or each I-mixer (15, 25) is 
filtered to remove the sum products of the excitation and response signals, thereby leaving just an amplitude modulation component 
of the signal, which is then processed in a control loop to track the resonant frequency of the or each resonant structure. 
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known from D1 in that summing the reference signal with a second reference 
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acoustic wave resonators via a single coupling means by summing the reference 
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1. A method of tracking the resonant frequency of an electrically resonant 
structure comprising the steps^of exciting the resonant structure with a reference 
signal of a variable frequency encompassing the possible resonant frequency of the 
resonant structure, mixing a response signal from the resonant structure with the 
reference signal, filtering the mixed response and reference signals to remove the 
sum products from the composite signal, and using the resulting amplitude 
modulation component of the respons6 'signal within a control loop to track the 
resonant frequency of the resonant structure; , — . 

characterised by the further step of sununing the ^reference signal from -said - 
oscillator with a second reference signal of a variable frequency encompassing the. , 
possible resonant frequency of a second i-esonant structure, ^fii^^d/see^h 
Resonant structures having a nominal difference tfeq^cy^^excjting .said frstjrai^?'^ 
second resonant structures with said mixed signal, mixing the composite response 
signal of Said first and second resonant structures with the first reference.; signal,:: 
filtering the mixed signal and using the resulting signal within a control loop to 
track the resonant frequency of the first resonant structure, and mixing the 
composite response signal of said first and second structures with said second 
reference signal, filtering the mixed signal and using the resulting signal within a 
control loop to track the resonant frequency of the second resonant structure. 

2. A method according to claim 1, wherein the or each mixed response and 
reference signals are filtered using a low pass filter. 

3. A method according to claim 1 or claim 2, comprising the further step of 
suppressing the amplitude modulation of the or each reference signal by using a 
signal source of low output impedance. 
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4. A method according to any of the preceding claims, wherein the or each 
reference signal passes through an impedance before exciting the or each resonant 
structure. 

:».■ ' ' . 

t 1 * ' i 

5.. A method according to any of the preceding claims, comprising the further 
step, for the or e&ch reference signal, of mixing the response signal with a phase * . 
shifted version of the or each reference signal, filtering said mixed signal, squaring: 
the filtered in-phase and phase shifted mixed response and reference signals, 
summing .the. associated squared signals and using the result within a control loop ^ 
to provide a phas^ ; Gbmp6nsated track of the resonant frequency of the, associated*, w M : 
- resonant structure. ; ■i/v-iv-v • v 5 . 

: : " v r-^. rit ; • ' * ^6^:^ ! ^. |, ^-toethod -:.a:ecordiag jto^claimu 6* wherein <4h§ ^reference \signal-;.d§ ^m&tz^yy. »• 
t?i4 ;jy.;/ -shifted through 90 degrees:. • V-./ i --r,v- J 'iVw^a^^iii^v^M " ■/< 

r \ . . v/Sl * *' ' : * • ! ' ' - " : — ' ■ ' v 

.fur _ v>An apparatus for tracl^ resonant ffequency of ;an>ele f ctncdjy^spjiant . . 

structure, comprising a variable frequency oscillator providing an excitation signal 
of a variable frequency encompassing the possible resonant frequency of said 
resonant structure, coupling means connecting said variable frequency oscillator to 
said resonant structure, an I-mixer forming a synchronous detector having a first 
input connected to said oscillator and a second input connected to the coupling 
device, the I-mixer mixing the excitation signal from the variable frequency 
oscillator with a response signal generated by the resonant structure in response to 
the excitation signal, a filter connected to the output of the I-mixer which filters 
the output of the I-mixer to remove the sum products of excitation and response 
signals, thereby leaving just an amplitude modulation component of the signal, and 
processing means which processes the filtered signal to track the resonant 
frequency of the resonant structure; 
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characterised in that a second variable frequency oscillator is connected to the 
coupling means, said first variable frequency oscillator providing an excitation 
signal of a variable frequency encompassing the possible resonant frequency of the 
first resonant structure and said second variable frequency oscillator providing an 
excitation signal of a variable frequency encompassing the possible resonant 
frequency of the second resonant structure, a second I-mixer forming a 
1 synchronous detector associated with the second oscillator having its ..first input 
connected to the second oscillator and its second input connected to the coupling 
device so as to mix the excitation signal from the second oscillator with a 
•1. /• * 'composite response signal received from said first and secORd^^espriant . stmclures, 
■ . . > ^^>Md : k second filter connected to the output of the: second^mixer .which ^filters the 
t. ". >. ; output signal: * . . .... . Siiy^v^i:':^ 

• ds^icMtoffXi apparatus according to claims 7; wherein: said fii^st *and second. ^esojiant ; 
K^sthicture are connected in paralleL. .-j v « \ ;.r > p:^^ o:y \ ?\ 



•5i ? ^! <Ss ■« ■•t&*v^ ; v- ,An apparatus according to -claims?:. or ^claipivS, tfjiirBaer including a summer ^irv. •<? 
having first and second inputs connected to the first and second oscillators 
respectively, and an output connected to the coupling means. 



10. An apparatus according to any of claims 7 to 9, wherein the or each filter is 
a low pass filter. 

11. An apparatus according to any of claims 7 to 10, further comprising an 
impedance connected between the or each oscillator and the coupling device, the 
first input of the or each I-mixer being connected between its associated oscillator 
and its impedance and the second input of the or each I-mixer being connected 
between the associated impedance and the coupling device. 
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12. An apparatus according to any of claims 7 to 11, further including a Q~ 
mixer associated with the or each oscillator having a first input connected to its 
associated oscillator by means of phase shifting means and a second input 
connected to the coupling means such that the or each Q-mixer mixes a phase 
shifted version of the excitation signal from its associated oscillator with the ^ 
response signal, a filter connected to the output of the or each Q-mixer which 
removes the sum products of the phase shifted excitation and response signals, so 
as to leave just an amplitude modulation component of the signal, and further 
including means associated with the or each oscillator for squaring and then 
< summing the filtered signals from the If ^d ,Q-^ixers: associated with the or each . 

■v ; ! • oscillator, said processing means processing tfce^iro of the squares, of the filtered 
. signals from said I- and Q- mixers, wherry .phase delay effects are eliminated. * 

V vt^^^v-13. ;s --apparatus .-ftccorduig. to-daijji 12<wherein.,ithe . or ,eapl^;ph^>§biiw:g;i? >. 
: means phase- shifts the<signaj by 90 degrees^;..,- , , : . ^ s ,.-. ^ r i*,^*.^ 

t .14. An v apparatus ^according to claim 12 or claim 13, whereii^said^^ 
squaring and summing said signals comprises first analogue signal squaring means 
connected to the filtered output of the or each I-mixer, a second analogue squaring 
means connected to the filtered output of the or each Q-mixer, and a summer 
associated with the or each pair of I and Q mixer having a first and second inputs 
connected to the outputs of the associated first and second squaring means. 

15. An apparatus according to claim i4, wherein the said analogue signal 
squaring means each comprise a mixer having first and second inputs connected 
together to the output of its associated filter. 

16. An apparatus according to claim 12 or claim 13, wherein said means for 
squaring and summing the signals comprises a digital processor, the output of each 
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filter being connected to an analogue to digital converter which is, in turn, 
connected to an input of the digital processor. 

17. An apparatus according to claim 16, wherein the or each digital processor 
also calculates first harmonic amplitudes of the demodulated signals and produces 
codes for controlling the carrier frequency of the signal source. 

18. An apparatus according to any of claims 7 to 17, wherein the coupling 
means is a rotational contactless coupler. ■ 
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